Green roofs are built with different layers and variable thicknesses depending on the roof type and/or weather conditions. Basic layers, from bottom to top, of green roof systems usually consists of a root barrier, drainage, filter, growing medium, and vegetation layer. Environmental and operational benefits of green roofs are many. Vegetative roofs must be installed on existing structures to maximize their potential environmental benefits; however, their main disadvantages are cost and weight. New technology enabled the use of light materials such as: low density polyethylene and polypropylene (polymers) to promote their installation.
Introduction
The construction industry is vital to provide the necessary infrastructure to satisfy human development needs. It is recognized that construction practices are one of the major contributors of environmental problems, particularly due to the utilization of non-renewable materials. Green roof is a sustainable application that partially replaces the natural landscape destroyed due to the construction of buildings. Grow vegetation on rooftops has been developed as an option to address wellknown environmental issues such as: global warming or air pollution [1] . Environmental benefits during green roofs lifespan can be listed as follows: reduction of energy demand for heating and cooling, mitigation of urban heat island, reduction and delay of storm water runoff, improvement in air quality, replacement of displaced landscape, enhancement of biodiversity, provision of recreational and agricultural spaces, and insulation of a building for sound [2, 3, 7, 15] . Green roofs are classified in three major types: intensive roofs, extensive roofs and semi-intensive roofs [3, 15] . Intensive roofs need a large depth of soil and are usually associated with roof gardens [7] . On the contrary, extensive roofs have a thin layer of soil, grow sedums and moss [7] . These roofs are designed to be virtually selfsustaining and require minimum maintenance [7] . Semiintensive green roof combines extensive and intensive green roofs. Usually, green roofs have, from bottom to top, a root barrier, drainage, filter, growing medium, and vegetation [3, 10] Green roofs became popular construction product due to their environmental benefits; however, their weight disadvantage has been a challenge to the industry [8] . "Green roof´s experts justify the need to introduce materials like polymers into the market because it can reduce the overall weight and improve the performance of waterproofing layers without compromising the benefits of green roofs." [1] .
Objective and scope
Green roofs layers and materials are similar among manufacturers; however each manufacturer has developed its own system. Light and thin materials, as plastics, are preferred to build green roofs due to weight limitations [1] . Depending on the green roof system and weather conditions, the thickness of each layer varies. Bianchini and Hewage [1] demonstrated that green roofs take on average 25 years to balance the pollution released from the production process of current polymers. Therefore, it is extremely important to reuse construction and demolition (C&D) waste to replace current green roof layers, without compromising their environmental benefits. The objective of this study is to discuss the water retention performance of C&D waste based green roofs (C&D-GR). The importance of this paper relays in determining the impact of construction and demolition (C&D) waste on storm water retention and runoff quality, by comparing the rain water retention performance of 6 experimental C&D-GR with 2 commercial standard green roofs. Basic water quality parameters (conductivity, turbidity and pH) were assessed.
Layers of a typical green roof
Green roof consists of multiple layers. Each layer has a specific need and performance requirement.
Root barrier layer
The purpose of this layer is to provide a waterproof membrane to the roofing assembly [3] . Leak prevention is one of the most important objectives of any green roof system design. In case of a leak in an operating green roof, all the layers needed to be removed to locate the leak. "Furthermore, locating cracks that create the leak may be very difficult, and repairing the roofing assembly and root barrier is costly and time consuming." [1] . Another function of this layer is to protect the buildings´ roofing assembly from plant´s roots that could penetrate from green roof´s upper layers [12, 14] .
Drainage layer
Green roofs have a water retention capacity; however it is important to provide an empty space between the layers to allow the excess water to freely move out of the roof [3] . "This layer decreases the risk of water leaks to the roofing assembly. In addition, water adds an extra weight to the roof assembly. Therefore it is important to ensure an excellent drainage to maintain structural capacity of the roof assembly." [1] . Proper drainage protects the root barrier from the excess water that could be accumulated in the membrane. Excess of water in root barrier damages the root barrier and roofing assembly [4] .
Filter layer
Regardless of the green roof system, the purpose of the filter layer is to prevent the particles of the upper layers from draining with water runoff and blocks the drainage layer [13] . In addition, the filter layer maintains the integrity of the growing medium and vegetation.
Water retention layer
The main function of this layer is to absorb water for runoff control [13] and keep the growing medium layer moist [5] . Water provides nutrients for plants and help vegetation to survive the harsh conditions on rooftops. In addition, the storm water retentioned by green roofs decreases the runoff water in the city´s storm water sewage system [3] . The water retention capacity depends on the green roof type, vegetation, weather conditions, and previous soil´s saturation [3, 6, 13] .
Growing medium and vegetation layers
This layer improves the thermal performance and water retention capacity [13] . Moreover it supplies nutrients and water that plants need to perform their biological functions [5] . Additionally, the medium provides the space that plant roots require to grow and strengthen, to withstand rough weather conditions present on rooftops.
The natural growing medium is regular soil. "However, the soil can have clay and organic particles that may increase the weight when saturated. Consequently, weight limitations of green roof systems led several manufacturers to develop their own growing mediums". [1] . Generally, growing medium has a high content of porous minerals and a low content of organic matter to maintain the balance between weight and performance [2] . Nevertheless, the material content present in the medium can be modified to meet the natural requirements of the selected vegetation. "The vegetation layer is the aesthetics layer of green roofs, and perhaps is the symbol that identifies a green roof as an environmental friendly product." [1] . Moreover, the vegetation layer plays an important role in regulating storm water runoff [11] by the retention and evapotranspiration processes of plants [9] 
Analysis
Runoff water from experimental green roofs was collected and studied. The experimental green roofs were built in The University of British Columbia (UBC), Okanagan campus. Collection of rainwater runoff and basic water quality tests were analyzed on a weekly basis. Table 1 shows the materials used for every experimental green roof.
Storm water retention
Storm water runoff due to the construction of impervious areas is a public concern [6] . As the impervious areas in cities increase, more rain water drains through public sewers. Vegetation and green roofs layers contribute retaining and delaying the amount of storm water [11] . Figure 1 shows the rainwater retention performance of each experimental green roof. It is evident from Figure1 that standard commercial green roofs (GR1 and GR2) had the best water retention performance. In addition, expanded shale resulted to have higher water retention potential than the rest of C&D waste based green roofs. C&D waste based green roofs that used crushed concrete had the poorest performance. Figure 2 shows the impact of the green roof materials in the storm water runoff. The runoff pH is compared with the natural rainwater (control sample). Neutral pH is 7; however, it is considerate that a neutral pH ranges between 6 and 8. Results from rainwater and green roofs' storm water runoff pH test felt within the neutral range. However, Figure 2 clearly shows that green roofs tend to increase natural rainwater's pH. Figure 2 shows an evident pH increase from GR3. Therefore, it is clearly shown that C&D waste based green roofs have a higher impact on rainwater's pH than commercial standard green roofs. Layer  GR1 GR2  GR3  GR4  GR5  GR6  GR7 Table 1 . Green roof experimental set-up
pH in water

Green roof ID
Electrical conductivity
Electro conductivity (EC) estimates the amount of total dissolved salts (TDS) in water. Figure 3 shows the average electro conductivity present in each runoff sample. Electro conductivity of natural rainwater was compared with every green roof runoff.
In general, from Figure 3 , green roofs reduced rainwater's electro conductivity. Nevertheless, only GR1 (commercial standard) and GR6 (expanded shale) increased rainwater's electro conductivity. Moreover, C&D waste based green roofs had the best performance. C&D waste based green roofs reduced, on average, rainwater's TSS content in half.
Turbidity
Turbidity estimates the total suspended solids (TSS) concentration in water. Figure 4 shows the average turbidity of the storm water runoff. Natural rainwater turbidity was compared with the turbidity of each green roof runoff sample. Figure 4 shows, in general, that green roofs reduce rainwater's electro conductivity. Equally as TSS, only GR1 (commercial standard green roof) and GR6 (expanded shale) increased the amount of electro conductivity present in rainwater.
Discussion
Results show that the use of C&D waste affects the green roof's water retention performance. Additionally, these materials impact the runoff quality. Figure 1 depicts that C&D-GR rainwater retention capacity varies between 66% and 84%, while the commercial standard green roofs varies between 87% and 97%. The expanded shale (GR 6) retained, on average, 92% of the rainwater due to its high porosity. Compared to commercial green roofs, C&D waste reduced the water retention capacity; however, compared to gravel flat roofs, C&D-GR have a better performance. GR 4 reported 66% average rainwater retention capacity (lowest performance), while regular impervious roofs rainwater retention capacity is 0%. Additionally, Figure 1 demonstrates that vegetation and growing medium layers contribute more retaining water than the water retention layer. GR 3 and GR 4 were built with crushed concrete. The only difference is that GR 3 has a water retention layer manufactured out of plastics. This modification improved the rainwater retention performance in 9%. Figures 2-4 shows the impact of C&D waste on the runoff water quality. Figure 2 depicts that C&D-GR and commercial standard green roofs increase the pH of natural rainwater. C&D-GR increased the runoff pH in 12%, while commercial standard green roofs increased the pH in 2%. Figure 3 and Figure 4 compares the amount of dissolved salts and suspended solids present in green roof runoff and natural rainwater. C&D-GR and commercial standard green roofs reduced, on average, the electro conductivity and turbidity of natural rainwater. In the case of electro conductivity, C&D-GR reduced the total dissolved salts between 14% and 28%, while commercial standard green roofs reduced salts between 1% and 18%. In the case of turbidity, C&D-GR reduced the total suspended solids between 19% and 70%, while commercial standard green roofs reduced salts between 6% and 57%.
Conclusion
Eight different experimental green roofs with different material types have been analyzed. Water retention capacity and runoff water quality were measured to determine each green roof performance. Results demonstrate the impact of the materials used as layers in green roof's performance. The presented analyses reveal that materials below the growing medium and vegetation layers impact on green roof`s performance. However, for electro conductivity the difference is insignificant / negligible. Results also indicate that green roofs can improve rainwater's quality. Therefore, green roof's storm water runoff could be used for non-drinking purposes, such as: irrigation or flushing toilets.
Results demonstrate the benefits of installing green roofs in terms of rainwater retention, pH, electro conductivity and turbidity. Positive environmental impacts emphasize the importance of green roofs as a sustainable option for the construction industry and society. The analysis concluded that it is beneficial to install green roofs with polymers; however, the use of C&D waste as green roof layers has positive effects. Since commercial standard green roofs can take, on average, half of their lifespan to balance the pollution released in the manufacturing process, the re-use of C&D waste as alternative materials becomes a feasible option.
